Abstract-In this paper, a novel matting method is proposed to automatically detect and separate foreground, background and transitional (unknown) regions in a color image. In order to detect the background color, K-means clustering in Y C b Cr color space is firstly used to classify the background colors into a limited number of clusters. Then the spatial information is further used to refine the background and minimize the unknown regions. In this case, an image can be automatically segmented into three hard regions: foreground, background and unknown regions. For transitional (unknown) regions, the alpha matting based on Wang's robust matting algorithm is utilized to refine the accuracy of the separation results. By combining an automatical background determination metric and Wang's robust matting, the proposed matting method can handle images with single-colored or gridded background. The required user input is significantly simplified compared to conventional alpha matting schemes which require users to provide a hard image segmentation manually. The experimental results show that improved matting results can be achieved for complex unknown regions which contain semi-transparent materials or tiny objects such as hair stripes.
I. INTRODUCTION
Image matting, or composition, refers to the technique which accurately extracts foreground objects in an image. This technology plays an important role in modern film and video production because it can provide good performance with low cost by integrating real and synthetic scene and avoid expensive scenery and exterior filming. Among various matting methods, chroma keying is a well-known image/video segmentation technique that extracts the foreground objects from monochromatic background (blue or green). In a chroma keying system, the foreground extraction is preformed by removing a certain color or colors in a range from an image to obtain the foreground objects. By combing desired background (e.g. computer generated image) and the extracted foreground objects, a composite image can be obtained. In such a chroma keying system, the foreground objects can be extracted by just knowing the color of the monochromatic background. However, regions with transparency or reflection contain colors that are the mixture of the foreground and background. In this case, chroma keying methods may fail to distinguish these ambiguous regions. On the other hand, a more complicated matting technique, which is called α-matting, can handle the ambiguous regions with transparency or reflection well. In an α-matting system, the pixels of an image are initially classified into three groups: background, foreground and unknown regions. The pixels in unknown regions usually lay in the boundary of foreground objects or the ambiguous regions with transparency or reflection, which introduce difficulties in accurate segmentation for chroma keying. In α-matting scheme, the pixels in unknown region can be better distinguished by modelling pixels' color as a linear combination of foreground color and background color with a weight factor α. In order to solve the weight factor, the existing α-matting methods can be categorized as propagation-based [1] [2] [3] , sampling-based [4] [5] [6] , and the combination of the previous two types of methods [7] . For propagation-based α-matting, the factor α is solved by interpolating the unknown α from the known regions. For sampling-based α-matting, the foreground and background color is predicted from known foreground and background regions, and the factor α is then computed with regard to the predicted foreground and background color. Compared to chroma keying, which solves the segmentation problem with monochromatic background, α-matting usually handles the segmentation problem with natural background (i.e. textured and colored). In this case, more complicated user input is required to initially categorize the pixels into foreground, background and unknown regions.
In our proposed matting method, foreground objects are extracted from monochromatic or gridded background by combining the methods for chroma-keying and α-matting. By using chroma-keying, an initial rough segmentation of the original image, which is called "trimap" is automatically generated. With this generated "trimap" and the consequent robust α-matting, a refined matting result can be obtained. By combining chroma-keying and α-matting methods together to solve monochromatic background matting problem, the ambiguous regions with transparency or reflection can be represented more accurately compared to chroma keying while simpler user input is required compared to conventional α-matting methods.
The rest of this paper is organized as follows. In section 2, the robust α-matting is briefly introduced. In section 3, the automatical "trimap" generation is proposed. The experimental results and comparison are provided in section 4. Finally, the 978-1-4673-5791-3/13/$31.00 ©2013 IEEE conclusion is drawn in section 5.
II. ROBUST ALPHA-MATTING
In an α-matting system, the color of each pixel C is modeled by Eq. (1) with regard to the foreground color F and background color B as follows.
where (x, y) refers to the coordinate of the pixel, α is the foreground opacity for the current pixel. The value of α can be regarded as the transparency of the foreground. For opaque foreground pixels, α equals to 1; for background pixels, α equals to 0; for pixels fall in ambiguous regions with transparency or reflection, α lays between 0 and 1 depending on different mixture conditions. In order to extract the foreground objects accurately, the matting problem can be regarded as estimation of α for each pixel. This problem is highly ill-posed because the number of unknown parameters (F , B and α) is more than the number of equations we have. In this case, additional information, which is predefined by users to roughly segment the original image into foreground, background and unknown regions, is usually required as in Based on the basic model of α-matting, the robust α-matting was proposed by Wang and Cohen [7] to generate high quality alpha matte. This system mainly consists of three parts: foreground and background candidates selection, confidence estimation and refinement.
A. Candidate selection
From Eq. (1), it is clear that the value of α can be calculated only if foreground and background color is known. In order to estimate the corresponding foreground and background color of each unknown pixel, a set of foreground and background pixels are chosen as candidates. Given a trimap, the candidate set of each unknown pixel is selected as shown in Fig. 2 in Wang and Cohen's matting method [7] . Other than choosing the nearest foreground/background pixels as the candidates, Wang and Cohen select the reference pixels along the boundary of foreground/background so that more comprehensive color information can be selected as reference. After the foreground/background candidates are chosen, a set of alpha values are calculated from each foregroundbackground pair by Eq. (2).
where I refers to the value of pixel whose alpha value to be estimated. (x, y) refers to the coordinates of pixel I. F and B are the values of candidate foreground and background pixels.
B. Confidence evaluation
After a set of possible alpha values are calculated for a pixel, it is necessary to determine the reliability of these obtained values so that the most reliable one can be picked out as the final alpha value for a pixel. The confidence of an alpha value is determined by the reliability of corresponding foreground/background samples [7] . The confidence metric of a candidates pair is defined as follows.
where σ is fixed to be 0.1 and the other variables are determined as follows.
where D F and D B are the minimum distance between foreground, background samples and the current unknown pixel. In this paper, 20 foreground and 20 background points are selected as the candidates for each unknown pixel. And three candidate pairs with the highest confidence value are selected to estimate the final alpha value.
C. Refinement by Random Walk
By applying color sampling and confidence estimation, the alpha-matte can be obtained. And this initial alpha map can be further improved by considering local smoothness. Given the assumption that alpha values are continuous, the Random Walk is utilized to smooth the alpha values of neighboring pixels. Although the detailed description of Random Walk is beyond the scope of this paper, it generally works as follows.
Given an image with N pixels in it, a Laplacian matrix is constructed by Eq. (7).
where
L is a symmetric positive-definite matrix with dimension (N + 2) × (N + 2) (i.e. all pixels in the image plus two virtual pixels F and B representing pure foreground and background). A more detailed description of the variable W ij can be found in [7] . And then, the refined alpha value can be obtained by solving Eq. (8) .
where A u is the matrix of unknown alpha values to be solved, A k is the matrix of boundary information.
III. AUTOMATIC TRIMAP GENERATION
Although the robust alpha-matting can generate accurate alpha map, it requires users to provide initial trimap as shown in Fig.1 . This work can be intolerably heavy for practical use such as video matting. For a monochromatic background images or videos which are concerned in this paper, the ideas from chroma keying are utilized to automatically generate the initial trimap required in robust alpha-matting.
A. Background color removal
Given an image with monochromatic background, the background color may also vary due to light conditions and screen materials. In this paper, the k-means clustering is used to analyze the background color. The k-means clustering is a cluster analysis method which aims to partition m observations into K clusters so that the observations in the same clusters have the shortest distance to their mean values. Mathematically, suppose (x 1 , x 2 , . . . , x m ) is an observation set, where each observation is a n-dimensional real vector, the goal of the kmeans clustering is to partition the m observations into K sets (K ≤ m) to minimize the sum of squares in the cluster:
where S = (S 1 , S 2 , . . . , S k ), µ i is the mean value of pixels in S i .
In practice, the user is required to indicate a rough color from a predefined color set C = {C i |i = 1, 2, . . . , 6} in Y C r C b color space as shown in Fig. 3(a) . After the initial color (for example, blue) is set by the user, all the pixels with color falling in the "Blue region" are clustered by the k-means into four clusters as shown in Fig. 3(b) . Draw circle around the centroid of each cluster, any pixel with color falling into these circles are regarded as the background pixels. Till now, the background pixels are roughly segmented and removed as shown in Fig. 4(b) . It is obvious that the result is not good enough because some colors, which are not included but close to the cluster circle, also belong to background. To solve this problem, a window searching process is used to optimize the result. Within a window W , the smallest distance to the four centroids for each pixel are summed together. If the sum is smaller than a certain threshold, the whole window is set to be background. The optimized background removal is shown in Fig. 4(c) . 
B. Trimap generation
From optimized background removal, a hard segmentation of the original image is obtained (Fig. 4(c) ). In order to generate more soft and accurate alpha matte by robust alphamatting, a trimap (Fig. 4(e) ) is required to be generated based on this hard segmentation. In order to generate trimap, a local window is used to scan the whole image, and any window that covers both foreground and background pixels more than a threshold is marked as unknown region. The default threshold is set to the side length of the window. After that, the known region is expanded according to Gastals region expansion method [6] . Given a target pixel in this method, the nearest foreground and background pixels in spatial domain are found. If it is smaller than a given threshold (e.g., 9 pixels in our method), and the distance in the color space is also smaller than another threshold (e.g., 6/256 in our method), the pixel is assigned to known foreground or background. By doing this, the unknown region can be detected as shown in Fig. 4(d) and the trimap can also be generated as shown in Fig. 4(e) .
Given an image with monochromatic or gridded background, a trimap can be generated automatically in our method. This trimap is used as an input along with the original image to the robust alpha-matting system to extract soft and accurate foreground objects. In Fig. 5 , it can be observed that the matting results from our proposed method is nearly identical to the results from the original Wang's method. However, the input required from users is much simpler for the proposed method compared to Wang's method. In Wang's scheme, an initial trimap is required to be manually drawn by the user while only a rough color is needed to be input to the system in our proposed method.
IV. EXPERIMENTAL RESULTS

V. CONCLUSION
In this paper, a novel method is proposed to extract the foreground object for color images with monochromatic or gridded background. On one hand, chroma-keying methods cannot generate high quality matte for complex image (e.g., image with semi-transparent part or hair stripes). On the other hand, advanced alpha matting algorithms require manually specified trimap as input, which is a complex and time consuming task. In addition, the results are not stable because they depend on the user input (i.e. trimap) heavily. Unskilled user may generate bad trimap as input, which leads to unfavorable matting results.
In our proposed matting scheme, the advanced alphamatting algorithm is utilized to improve the result of traditional chroma-keying method. At the same time, the system does not need user specified trimap or paint strokes. It makes the system more robust and stable. Furthermore, the input of the system (e.g. rough color sector selection and adjusted parameter) is compatible with the existing technology used in video switchers.
